Summary. Inversion of 295. Love-and Rayleigh-wave phase travel times across the Pacific Basin has yielded a structure which has a channel that is anisotropic with respect to the polarization of shear waves. The velocity of SHwaves is approximately 4.24 h / s , and the velocity of SY waves is approximately 4.10 km/s in the low-velocity channel. The lid to the channel is isotropic with respect to the polarization of S waves and the velocity is approximately 4.60 km/s. The lid to the low-velocity channel increases in thickness with lithospheric age at the expense of the channel, and its thickness is apparently still increasing at a sea-floor age of 150 Myr.
Introduction
There are several reports in the seismological literature of the presumed detection of elasticwave anisotropy in the Earth. These studies fall into two distinct groups, namely those using body-wave measurements and those using surface-wave measurements. Reports of anisotropy derived from body-wave studies are generally concerned with the change of compressional wave velocity with azimuth (see, e.g. Hess 1964; Raitt et al. 1969) . Variations of as much as 7 per cent in Pn velocities in the Pacific have been reported.
Anisotropy studies involving surface waves can be grouped into two categories, i.e. those concerned with variations of phase and group velocities as a function of azimuth of propagation (azimuthal anisotropy), and those concerned with inconsistent velocities of Love-and 146 Rayleigh-wave velocities for the same direction of propagation (polarization anisotropy). We wiU refer to the S-wave velocity obtained from inversion of Love waves as SH, corresponding to the polarization of Love waves; similarly, the S-wave velocity obtained from Rayleigh waves will be termed SV.
Rayleigh-Love polarization anisotropy was reported by McEvilly (1964) for the central United States and by Kaminuma (1966a) for Japan. In both cases, SH velocities were 6-8 per cent larger than the SVvelocities in order to fit the surface-wave data. However, for the Canadian Shield (Brune & Dorman 1963 ) a single, simple S-wave cross-section could be found that satisfied both the Rayleigh-and Love-wave dispersion data.
It should be pointed out that there is a distinct difference between azimuthal anisotropies and surface-wave polarization anisotropies. Azimuthal anisotropy is observed directly: for example, P waves in certain oceanic areas or surface waves with the same period travel with velocities which depend on the direction of propagation; polarization anisotropy, on the other hand, is inferred from attempts to fit Love-and Rayleigh-wave data; it has not been observed directly in nature.
The suggestions that have been put forward to model the presumed polarization anisotropies are varied. Kaminuma (1966b) imposed arbitrary constraints on the elastic moduli to model his data. Although he was able to do this, he was not able to account for the variations in moduli in physical terms. From a result of Backus (1962) , Aki (1968) showed that laminations of 'soft' layers in the upper mantle under Japan could account for the observed inconsistencies in the Love-and Rayleigh-wave phase velo'cities. Aki proposed that his 'soft' layers could be caused by the formation of magma. Similarly, Takeuchi, Hamano & Hasegawa (1968) suggested that the anisotropy was caused by elliptical 'magma pockets', and showed, based on the work by Eshelby (1957) , that a volume fraction of partial melt of less than 6 per cent could cause the presumed SV-SH anisotropy.
Thatcher & Brune (1969) and Boore (1969) showed that contamination by Love-wave higher modes could produce significantly erroneous Love-wave phase velocity measurements obtained by two-station phase comparisons. Thatcher & Brune proposed that such contamination could cause the unusually high Love-wave velocities measured by McEvilly and Kaminuma, and hence that Love-and Rayleigh-wave data were not inconsistent with an isotropic mantle. However, Boore pointed out that the contamination by higher modes would tend to be random for a large collection of paths, and, for such cases, would not produce biased phase velocities. That higher-mode Love waves could, in fact, produce anomalous phase velocities was shown by James (1971) , who analysed surface waves for a path between La Paz, Bolivia and Arequipa, Peru. Thus, from 1969 to 1972, Love waves were discounted as giving useful information about the upper mantle of the Earth; discrepancies in the interpretation of Love-and Rayleigh-wave dispersion data were attributed to the effects of higher modes on the Love waves and not to anisotropy in the mantle. Knopoff (1972) noted that the contaminating effects of interference due to higher modes decrease with increasing station-to-station, or epicentre-to-station distance. Thus accurate measurements of Love-wave phase velocities are possible by the single-station method, if long path lengths can be used. Unfortunately the use of long paths gives an estimate of the average structural cross-section for the entire path and is insensitive to regional variations in structure.
Using the seismograms from a distant earthquake, Knopoff (1972) reported the analysis of Love-and Rayleigh-wave dispersion for one path across the Nazca plate; this path was sufficiently long to minimize interference due to higher modes. An inversion of these data gave no differences in S-wave velocities, i.e. no polarization anisotropy was found in either the lid or the low-velocity channel, to within kO.1 km/s; the same cross-section fit both dispersion relations to this accuracy. We shall indicate below that differences in S-wave velocities due to polarization effects of the order of 0.15km/s are present in the upper mantle; the resolution in the inversion of Knopoff (1972) was not sufficient to detect this result. Forsyth (1973 Forsyth ( , 1975a has applied the technique of measuring dispersion for long paths described by Knopoff (1972) and has reported azimuthal anisotropy for surface waves, using data from a dense set of Love-and Rayleigh-wave paths in the East,Pacific to model the S-wave structure of the Nazca Plate. His analysis showed that the Rayleigh-wave velocity had about a 2 per cent azimuthal variation, with the maximum velocity locally perpendicular to the magnetic age stripes. In order to use the Love-wave phase data, Forsyth attempted to remove the effects of the higher modes from his measurements. The resulting Love-wave data also showed a small azimuthal variation. Although not statistically significant, the data indicated that fundamental-mode Love waves also travelled fastest in the direction of spreading (Forsyth 1975b) . In addition to azimuthal anisotropy, Forsyth found that the average SH velocity in the upper 125km of the mantle was about 0.15km/s greater than the SV velocity. The possibility that this velocity difference continued to greater depths was suggested. Forsyth reported no attempt to find a physical model which would fit his observations of anisotropy. Schlue (1975), and Schlue & Knopoff (1976) , have reported a similar SH-SY velocity difference for the upper mantle of the Pacific Basin. Their technique of inversion allowed them to show, to within the uncertainties in their data, that the entire SH-SV anisotropy could be assigned to the low-velocity channel, and that the lid to the channel could be considered to be isotropic for S-waves. Furthermore, a model of azimuthal isotropy for the Pacific was consistent with their data.
In this paper, we describe in detail the techniques of measurement used by Schlue (1975) and by Schlue & Knopoff (1976) , and also present the results of more recent inversions performed on the data 2 Phase velocity measurements Over short paths, phase velocities are generally obtained using the two-station technique.
This method has an advantage over long-path methods in minimizing the effects of lateral heterogeneity on the interpretation of the data. The average phase velocity c between the two stations, for a given period T, is found from where Ai is the epicentral distance to the ith station, $ j is the phase of the ground motion at the ith station (in circles), and N is an arbitrary integer, chosen to make the phase velocities reasonable at long periods. The requirements (1) that recordings of the same earthquake be made at two stations and (2) that a useful event must be near the great circle defined by the two stations, significantly reduce the number of useful events. A usable event must be large enough to be well-recorded at the far station, but not so large as to be off-scale at the near station. These difficulties can be overcome, and the number of suitable earthquakes and possible paths greatly increased, by replacing one of the two stations with an earthquake having a known initial phase. In the single-station method, any earthquake-station pair, in shown that the initial phase Go generally depends on the strike and dip of the fault plane, the time dependence and depth of the source, as well as the structure of the Earth at the source. For the moderate earthquakes studied in this paper, it is sufficient to assume that the source is a point in space and a step displacement in time; the other event parameters have been obtained from published sources, and an average oceanic structure has been assumed. From these parameters, and for the given earthquake-to-station azimuth, apparent initial phases can be calculated for each earthquake-station pair.
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This paper
This study was initiated to ascertain whether the results found by Schlue & Knopoff (1976) were dependent upon the choices of initial models and/or the variables used in the inversion.
Our data are 295 phase velocities from 12 Love-wave paths (Schlue 1975 ) and 37 Rayleigh-wave paths (Leeds 1973 (Leeds , 1975 ) across the Pacific Basin (Figs 1 , 2 and 3) . The earthquakes we have used are listed in Table 1 ; the seismic stations used are listed in Table 2 . The phase velocities and epicentral distances for each path are listed in Table 3 .
The data used here differ from the data used by b e d s (1973; 1975) and Schlue (1975) due to adjustments in the assumed position of the boundaries of the Pacific Basin and magnetic age regions, however, these modifications cause only minor changes in the final results. The data set is identical to that used by Schlue & Knopoff (1976) .
The data were analysed using linear inverse techniques (Backus & Gilbert 1968; Jackson 1972). The Pacific was divided into eight distinct age regions based on magnetic age data (Pitman, Larson & Herron 1974) . A theoretical phase travel time for each path and period was computed for the model under test for each segment of each great-circle path within each region ( Table 4 ). The differences between the theoretical and observed phase travel times across the entire path interval between earthquake and seismograph were thus the observations for our inversions. For each of the k measurements, the following equation was then formed A 4 = unknown change in the jth parameter to be applied to the starting model.
The weighting factor u(T) was obtained by estimating the uncertainties for each measurement. Leeds (1973 Leeds ( ,1975 used
U R A~L ( T )
= MAX (7 S, T/10) for his estimate of the error in his Rayleigh phase travel-time measurements. Love-wave measurements generally will have the same source, parn and processing errors as Rayleighwave measurements. However, Love waves may have additional uncertainties due both to Afiamalu, Samoa Antofagasta, C h i l e Arequipa, Peru Baguio C i t y , P h i l i p p i n e s Balboa Heights. Canal Zone C o r v a l l i s , Oregon Davao, P h i l i p p i n e s Galapagos I s l a n d s Guam Iloniara. Solomon I s l a n d s Kipapa, Hawaii Longmire, Washington La Paz, Bolivia Peldehue, C h i l e P o r t Horesby, New Guinea Rabaul, New B r i t a i n Rarotonga, Cook I s l a n d s Riverview, A u s t r a l i a Sco:t Base, A n t a r c t i c a Weighted percentage of total path length at 70 s in reference regions. contamination by higher modes and Rayleigh waves, as well as a generally lower signal-tonoise ratio for horizontal component seismographs. To compensate for these effects, the weighting factor a(T) for the Love-wave data initially was defined to be J. W. Schlue and L. Knopoff a~o v~( T ) = 2 MAX (7 S, T/10) for our inversions. However, examination of the residuals of these preliminary inversions indicated that the uncertainties in the Love-wave data had been overestimated if there were no systematic effects included in these residuals. We have removed the systematic effects of the source initial phase. Thus, for all subsequent inversions, including those presented here, both the Love-and Rayleigh-data have been assigned the same uncertainty, namely
Changes of a factor of 2 in the weighting have only a small influence on the final model; the major influence of u(T) is in determining the uncertainties to be assigned to the model parameters. Jackson (1972) has shown that if the data are statistically independent and normalized by their variance, then
where Fj is the jth row of the matrix of eigenvectors V, 9 is the effective number of degrees of freedom in the data, and hi the eigenvalues which satisfy the eigenvalue equation
where A is the matrix of partial derivatives Thus through the assumption of statistical independence and proper normalization, the variance of the resulting model parameters A$ in the linear inverse depends only upon the starting model, and not upon the actual value of the measurements At. We must remark that our data are not completely independent, however, the problem of correlation among phase velocity measurements is one that has not been adequately answered. The periods at which our measurements have been taken were selected in an attempt to reduce these correlations as much as possible. We have assumed that our weights a(T) represent one standard deviation of our data, and have used Jackson's procedure for independent measurements in determining the uncertainties to be assigned to our results.
Initial model and inversion parameters
Unless otherwise stated, the starting model for all inversions discussed in this paper is the structure reported by Schlue & Knopoff (1976) ( Table 5) .
A large number of parameters can serve as unknown variables in the inversion. If we were to make the simplest selection, namely the lid thicknesses, the two shear velocities 0 s~ and p s~, and the densities for both the lid and the channel in all eight regions, we would have 56 variables. There is no doubt that, with this numoer or parameters, we could find a model of the Pacific Basin that would fit our 295 data exceedingly well. The problem we would then face is a severe one of interpretation of the results: the probability of finding a simple, geophysically interesting interpretation would be small; furthermore, we can anticipate that the model variances will be large. Some restriction of the number of model parameters to be used in the inversion is in order; we select the reduced set of model parameters by applying a geophysical smoothing criterion. The unknown parameters in the model have been restricted to ten in number, as follows: (1) the lid thicknesses in regions 1 , 3 , 6 and 8 are chosen as model parameters, with the additional restriction that the lid thicknesses in regions 2, 4, 5 and 7 are to be determined by linear interpolation between the values for the adjoining regions; (2) the remaining six parameters are the SV velocity in the lid, the SH velocity in the lid, the SV velocity in the channel, the SH velocity in the channel, the density in the lid and the density in the channel. Each of the latter six parameters was assumed to be separately uniform across the eight regions of the Pacific. The other possible variables such as attenuation factors, P-wave velocities, velocities in the sub-channel and deeper, depth to the sub-channel, etc., have been held constant, mainly because we cannot resolve these variables with our data. Where these variables enter into the inversion, we shall assume that the values in the starting model apply without change.
The restriction of the lid thicknesses to four parameters is a smoothness constraint, designed by Leeds (1973) to preserve the essential geophysics of a lid whose spatial properties presumably vary slowly, while suppressing large fluctuations of thickness that might arise due to uncertain modelling and inadequate data. The assumptions that the density and shear velocities are separately the same for all eight regions within the lid and channel are also smoothness constraints of a similar type. Although these constraints may seem severe, the ten variables we have selected are sufficient to enable that detailed modelling be done without obscuring the essential geophysics. We are well aware that this selection is nonunique with respect to this geophysical smoothness criterion. For example, a parameterization which introduces horizontal gradients of shear velocities in the lid and channel would yield significantly different lid thicknesses than those to be obtained with the parameterization we have used. We have made available the detailed products of our data analysis in Tables 1-4 so that alternative parameterizations might be considered by others who are disposed to make the effort at inversion.
In consideration of the parameterization we have used, we have indicated at the bottoms of Tables 4(a) and (b) the weighted percentage of regions 1 , 3 , 6 and 8 sampled by these earthquake paths at a period of 70s. The percentages vary for other periods. The notably low fraction of the total of Rayleigh waves sampling the youngest region, region 8, indicates that larger uncertainties might be expected for the model parameters to be determined for this region in comparison with the others.
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Results
F I R S T I N V E R S I O N
The ten parameters listed above, together with their uncertainties at the 95 per cent confidence level, that were obtained by inverting the 295 Rayleigh-and Love-wave phase delay time data, are given in Table 6 . The uncertainties that are given correspond to two standard deviations on the data and two standard deviations on the model parameters. It will be noticed that most of the parameters are not significantly different from their initial values; considerable SV-SH velocity anisotropy is present in the channel; the lid, within these uncertainties, is isotropic. The increase in thickness of 23 km for the lid in the youngest part of the Pacific, region 8, would appear to be on the edge of significance; however, since this may be an artifact of the extreme thinness of the lid in the starting model for this region, below we shall test the consequences of increasing the thickness of the lid in this region in the starting model. The major and significant changes from the starting model are to be found in the densities. the large uncertainties in these quantities indicate our inability to resolve both densities and velocities as well as lid thicknesses.at the same time. In succeeding inversion exercises, we constrain the numbers of parameters to be less than the ten used in this case.
SECOND INVERSION
In this example we have kept the lid thicknesses fixed and have applied the linear inverse procedure to the remaining six model parameters. The results are shown in the appropriate column of Table 6 . As might have been expected the new results are not significantly different from those obtained in the first inversion. What is significant, however, is the result that our implicit assumption that we know the thicknesses of the lid in each of the eight regions exactly, has reduced the uncertainty in the estimates of each of the remaining model parameters by approximately 50 per cent. Thus any statement of the uncertainties must be tempered by a specification of the variables chosen for any particular inversion. We continue to be unable to resolve densities with as high precision as the other parameters, although the final models in these two examples suggest that the density of the lid under the Pacific Basin should be lower than that assumed in the starting model. The conclusion that the channel is anisotropic and the lid isotropic to within the resolution permitted by the data is retained.
THIRD INVERSION
If the densities are constrained to their values in the starting model and the inversion procedures applied to the remaining eight model parameters, the results obtained are as shown in the Table. In this case, the lid thicknesses in the older regions of the Pacific are significantly increased, while the other parameters are only marginally changed from the values in the starting model. The polarization anisotropy for shear waves in the channel is still resolvable; the lid continues to be unresolvably isotropic. Table 5 Starting model Inversion 1 (Table 5) 
F O U R T H I N V E R S I O N
If we restrict.all parameters except for the two densities, to their values as given in the initial model, we get the results given in Table 6 . These density values are now only slightly smaller than those chosen in the initial model. However, this case of inversion represents more of an exercise than any of the other cases which have preceded it. We are not suggesting that the differences between the observations and the predictions derived from the starting model be all accommodated by adjusting the density of the upper mantle. Our purpose has been to investigate the independence of the three blocks of model parameters, namely the velocities, densities and thicknesses. We have done this by allowing selected blocks of parameters to assume the values in the starting model. What is surprising in the case of the fourth inversion is that the densities we have obtained after inversion are so close to the starting values. This indicates to us, as in the other cases considered up to this point, that our starting model is a relatively good one and that attention is better focused on the uncertainties in the model parameters in each inversion and especially whether the hypothesis of anisotropy is supported in each of the variations of inversion. A summary of the conclusion to be drawn from the inversions reported thus far is that the lid thickness in the oldest part of the Pacific Basin may be slightly greater than originally described in the starting model; a similar statement can be made for the youngest parts as well, except here there may be some doubt about the reliability of such a conclusion in view of the extreme thinness of the lid for region 8 in the starting model. The density of the lid may be less than that we have assumed in the starting model. Anisotropy is present in the channel and absent in the lid with values of velocities close to those assumed in the starting model.
FIFTH I N V E R S I O N
We now ask how dependent our conclusions are on the specific data set we have used. It has already been noted that the amount of sampling in the youngest parts of the Pacific is not as great as in the other, more central parts. We propose therefore to augment this part of the data set with additional phase delay data not hitherto considered. Since Forsyth's (1973) data are from paths which are predominantly in the younger parts of the Pacific Basin, we have thought to add some of his data to ours, thereby enlarging the data set considerably. Forsyth does not report phase delay results at the same periods as those of our samples. To obtain phase velocities at periods corresponding to ours, we have assumed that Forsyth's phase velocities vary linearly between adjacent points, and, where appropriate, have obtained the necessary phase velocities by simple linear interpolation. Thus subset of Forsyth's data adds 350 data points to our data set.
With the lid and channel densities again constrained to the values in the starting model and using the structure given in Table 5 as the starting model, inversion of these 645 data values yields the results shown in Table 6 as Inversion 5. Once again the lid is found to be isotropic and the channel anisotropic in S-wave velocities. The other feature of note is the increase in lid thickness required for the oldest region and the modest increase in thickness of the lid for the youngest.
S I X T H I N V E R S I O N
We have already noted that our model of lid thickness strongly suggests that the lid-channel interface is at the mantle solidus (Schlue & Knopoff 1976) . This suggests that models might be tested for which the interface is placed on the solidus as calculated from thermal considerations. This provides a test of the choice of starting model on the stability of the results. We have repeated two of the above inversions using a starting model of lithospheric thickness, adjusted to fit the thermal model of Parker & Oldenburg (1973) . This model of lid thicknesses is given in Table 7 . The corresponding channel thicknesses have been adjusted to provide the same channel-subchannel depth as in Table 5 . This model of thickness has a substantially thicker lid in the oldest and youngest regions of the Pacific than we have used in Table 5 ; in the youngest part of the Pacific, the thickness of the lid is similar to the structure reported by Forsyth (1975b We have attempted to be consistent with the procedures we have applied previously. We have constructed the starting model from the values of lid thickness for regions 1 , 3 , 6 and 8 as before and have applied linear interpolation to the regions between. The starting velocity and depth structures are as given in Table 5 . In the first inversion using this starting model, we have considered the original data set of 295 phase travel-time values. The density in both the channel and lid are fixed at the values given in the starting model. The result of the inversion is shown in Table 8 . Of interest is the substantial reduction in the lid thickness of the youngest part of the Pacific, region 8, from the starting value. This lid thickness, 3 km,' is substantially the same as that used in the starting model of Table 5 and given by b e d s et ul. (1974) ; it is considerably less than that reported by Forsyth (1975a) for the Nazca plate. The lid thickness in the oldest parts of the Pacific are increased over the starting values, anisotropy in the channel remains at about the same value and isotropy in the lid is as before. In reality, if the process of linear inversion is applicable, the results of this sixth inversion should be the same as for the third. An inspection of the two relevant sets of results shows that they are, to within the common uncertainties.
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S E V E N T H INVERSION
As a final example of a variation on the inversion theme we have applied the inversion scheme to the enlarged data set of 645 phase delay values using the starting structure considered in the sixth inversion. Once again the densities are constrained to the starting values. The results of this inversion are shown in Table 8 . Comparison with the results of the fifth inversion show them to be virtually the same.
Discussion
We have indicated frequently that one significant feature is common to all of the inversions reported above. To within the stated uncertainties, the lid of the upper mantle of the Pacific Basin is isotropic in shear velocities, while the channel is anisotropic, with the SH velocity greater than the SV by approximately 0.10-0.1 5 km/s. Polarization anisotropy may be present in the lid as well, but this complication is not required to fit the data; we are unable to resolve its presence.
If we use our own data alone, the lid thickness in the 5-Myr age zone is less than that given by Forsyth; if we add Forsyth's data to ours, we obtain a lid thickness of about 15 km for this region, which is thinner, but not significantly so, than Forsyth's value. In addition, those inversions which do not include Forsyth's data show a more gradual increase in lid thickness to about 50 Myr than shown by Forsyth; with the inclusion of his data, the rate at which the lid thickens to about 50Myr is not significantly different from his results. Our data clearly show that the lithosphere continues to increase in thickness after 50 Myr; indeed the lithosphere appears to be growing even at 150 Myr, a result consistent with the model of Parker & Oldenburg (1 973).
The isotropy of the lid, and the polarization anisotropy of the channel, together with the continued growth of the lid at the expense of the channel, is easily explained in terms of partial melting. Let us assume that there exists a partially molten component to the channel. IF this molten component is in the form of oriented pockets of melt, in the shape of symmetric bodies of rotation with the symmetry axis vertical, an anisotropy of the type we have described wdl result. The vertical axis of symmetry ensures that no azimuthal anisotropy will occur.
To calculate the size of the anisotropy for this model, let us assume for the purposes of calculation that the molten component is present in flat, penny-shaped cracks. This model may be taken to be a simplified and idealized specification of the description of partial melting along grain boundaries. The model of penny-shaped cracks is by no means unique; however, the calculation for the scattering of elastic waves by penny-shaped cracks can be made without recourse to additional descriptive configurational parameters such as shape factors for spheroids. This model is only illustrative.
Garbin & Knopoff (1975) have derived formulae which permit the calculation of the effective moduli of a homogeneous material permeated by a sparse distribution of circular, flat, liquid-filled cracks of zero mathematical volume. For the purposes of calculation, let us assume that the decrease of the lid S-wave velocity to the channel S-wave velocity is due to partial melting entirely, and that no change in density occurs. We assume the lid-channel interface is at the solidus. We assume further that the cracks are far from one another so that the distortion of the stress field of the elastic waves by one crack does not influence neighbouring cracks. The scattering takes place by virtue of the discontinuity in the boundary conditions on the faces of the crack.
The results of Garbin & Knopoff (1975) are written in terms of the dimensionless variable (Na3/V), the number of cracks per unit volume, scaled by the radius of a crack, a. For shear waves propagating in a matrix containing randomly oriented, liquid-filled cracks, we can solve for the number of cracks required t o lower the S-wave velocity from Po, the value for an uncracked material, to PI. We get In this formula, we may take a. and Po to be the P-and S-wave velocities in the lid, and PI to be the SH velocity in the channel. If we choose a. = 8.10 km/s, Po= 4.60 km/s and p s~= P , =4.24km/s, we find Na3/V = 0.17. The P-wave velocity in the channel for t h s crack density is found (Garbin & Knopoff (1975) , equation (5)) t o be 7.83 h / s , reduced from the lid velocity of 8.1 km/s.
The calculations for the properties of a medium permeated by randomly located, oriented cracks have also been performed by Garbin & Knopoff (1975) . From equation (4) of that paper, we find that the introduction of horizontal, liquid-filled cracks has no effect on the velocity of SH waves propagating in a horizontal direction, a physically plausible result. For the case of an SV wave propagating horizontally, we again use equation (4) of the paper referred to, and if we assume Psv = 4.10 km/s, we find the number density of horizontal, flat, liquid-filled cracks needed to obtain the inferred polarization anisotropy for shear waves to be Nu3/V=0.029. Under the assumptions we have made regarding the shape of the cracks, the amount of partial melting indicated by the above results will be an upper limit; the actual amount required could be considerably less.
The number densities of 0.17 for randomly oriented cracks and 0.029 for horizontally oriented cracks, does not mean that 17 or 3 per cent of the channel contains cracks of these orientations, since the cracks have mathematically zero volume. An alternative way of expressing the amount of partial melting in the channel would be to enclose each crack of zero volume in a sphere of radius u. Then the volume occupied by these hypothetical spheres, each containing one randomly oriented, liquid-filled, circular crack of mathematically zero volume would be (N4.rra3/3 V ) = 71 per cent. Similarly, an additional 12 per cent of the channel is filled with hypothetical spheres, each containing one horizontallyoriented, liquid-filled, circular crack of mathematically zero volume. Thus, on this model, m s t of the cracks are randomly oriented, but a small component lie in horizontal planes. The model is sufficient to account for the absence of azimuthal anisotropy.
The proposal that circular cracks of a molten component are present in the channel provides a convenient explanation for the absence of anisotropy in the lid. As upper mantle material moves laterally away from spreading centres in a partially molten state, it ultimately reaches the solidus, i.e. the lid-channel boundary; upon crossing the boundary into the lid, the molten component freezes and the source of scattering for elastic waves disappears: the lid becomes substantially isotropic. The presence of a component of oriented pockets of partial melt amid a larger number of randomly oriented objects in the channel, may arise due to slip between the surface and the deeper mantle. The anisotropy in the oceanic channel may be evidence that this zone is the site of the decoupling between the lid and the lower mantle in a large-scale convective process. We note, however, that the bottom of the channel is found to lie at a depth of only 180 km belo+{ tile surface; attempts to introduce the channel-subchannel interface as a parameter in the inversion studies have not changed this figure significantly. Thus, if all of the shear slip between the surface and the lower mantle is taking place in the channel, i.e. if the channel is the traditional asthenosphere, it is only roughly 60 km thick in the oldest parts of the Pacific; a viscous channel of this thinness would exert a large drag on the motion of a lithospheric plate; most models of convection use a much larger thickness for the convecting layer since the thermal convection process depends on the third power of the thickness. If the asthenosphere extends more deeply into the mantle than the channel, then differential motion in the subchannel might be expected to display some polarization anisotropy as well. Our data are inadequate to shed any light on this auestion.
We have already indicated (Schlue & Knopoff 1976 ) that our observation of the absence of anisotropy in the lid and the observation of the presence of anisotropy for P, may be resolved if the anisotropy observed in refraction studies is confined to a thin layer below the Moho. Several models proposing that the anisotropy of Pn waves is due to alignment of olivine crystals and is confined to a thin layer below the Moho have already been presented; our procedures are inadequate to resolve the presence of thin layers at the top of the lid.
